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Flavobacterium heparinum (now Pedobacter heparin us) is a Gram-negative soil 
bacterium which can produce yellow pigments. It synthesizes five enzymes 
that degrade glycosoaminoglycan molecules. The study of this unique 
bacterium has been limited by the absence of a genetic manipulation system. 
In this paper, the construction of a conjugation/integration plasmid system and 
a broad- host-range plasmid both of which contain a F. heparinum functional 
selective marker created by placing the trimethoprim resistance gene, dhfrll. 
under the control of the hepA regulatory region is described. Both plasmids 
were introduced into F. heparinum by conjugation and/or electroporation, and 
trimethoprim resistant colonies were obtained. Fifty electroporants were 
obtained per microgram covalently closed circular plasmid DNA. The existence 
of integrated plasmid DNA was confirmed by Southern hybridization and PCR. 
The existence of a derivative of the broad-host-range plasmid pBBR1 in F. 
heparinum was demonstrated by plasmid digestion and Southern 
hybridization, and by transformation of Escherichia cnli. 
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INTRODUCTION 

Flavobacterium heparinum i$ a non -pathogenic soil 
bacterium isolated by Payza Sc Korn (1956). The 
bacterium was described as a Cram -negative, strictly 
aerobic, nonsporularing rod, which produces yellow 
pigments when grown on agar (Steyn *t al., 199#). The 
study of this bacterium is of interest as it can degrade 
heparin and sulfated acidic mucohcteropolysaccharidcs 
from various animal tissues and utilize them as the sole 
sources of carbon, nitrogen and energy (Linhardi at at., 
1986; Gu et al> 1995). Earlier studies revealed that 
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it synthesis five glycosoaminoglycan-de^rading 
enzymes: heparinases I, II and III {Yang et al^ 1985; 
Zimmerrnann et aL> 1990; Lohse 8c Linhardt, 1992), and 
chondroitina&es AC and B (Yamagatii et al.> 1968; 
Michelacci &: Dietrich, 1975; Gu et aL y 1995), which 
depolymerize heparin, heparan sulfate and chondroitin 
sulfates. 

The taxonomy of F. heparinum in not clear. It has been 
reclassified as Cytophaga heparinum by Christensen 
(1980), Sphingobaclerium heparinum by Takeuchi 6c 
Yokota (1992) and Lately, as Pedobacter hepartnus by 
Stcyn et ah (1998). Early 16S rRNA sequence analysis 
suggests that F. heparinum is more closely related to 
Bactero ides fra gilts than to orhcr species t such as Bacillus 
subtilis, Escherichia coli y Desulfovibrio desulfuricans 
and Agrobacterium tumefaciens ( Wcisburg et aL> 1985), 
even though these two bacteria differ in terms of their 
physiological characteristics arid natural habitat. It is 
well known that the designation of Flavnbacterium- 
Cylophaga-Bdcteroides genera is permissive. In view of 
the unclear taxonomy* we have chosen to use the name 
Flavobacterium heparinum in this paper. 

\X'c wanted to develop a method for transfer of DNA 
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into f, heparinum, Gram-ncgativc bacterial broad-host- 
rangc plasmids belonging to several incompatibility 
groups have been widely used for the genetic ma- 
nipulation of many micro-organisms. IncP group 
plasmids, such as RP4, R751 and their derivatives, have 
been successfully transferred and stably inherited among 
a large number of Gram-negative bacteria (Thomas 6c 
Helinski, 1989). IncQ group plasmids, such as RSF1010, 
arc of small size, high copy number arid have a wide host 
range. Such plasmjds have been shown to replicate in 
most Gram-negative bacteria (Frcy 6c Bagdasarian, 
1989) and in some Gram-positive actinomycetes such as 
Mycobacterium stnegmatis and Streptomyccs Iwidans 
(Gormley &C Davies, 1991), Furthermore, Bacteroides 
plasmid pB8-51 was shown to replicate in Prevotella 
Tuminicola (Shoemakers* al, y 3991) and Potphyromonai 
%iYi%ivalis (Ma Icy et al^ 1992), and its transposon, 
Tn4352, has been used for the genetic manipulation of 
bacteria which arc members of Flauobacterlum, 
Cytophaga, Flexibacter and Sporocytopbaga species 
(McBride &: Baker, 1996; McBride 6c Kempf, 1996). 
However, several commonly used broad-host-range 
Gram-ncgativc bacterial plasmids from different in- 
compatibility groups could not replicate in several 
Bacteroides strains (Shoemaker et al. y 1986), Pre. 
ruminicola {Shoemaker et al. y 1991), Por. gingivalis 
(Malcy etaL> 1992) and Cytophaga johnsanae (McBride 
&C Kempf, 1996), and possibly many other baCteua of 
which we are unaware. 

Plasmid pBBRl (Antonie & Locht, 1992), from the 
Gram-ncgativc bacterium Bordetella bronchiseptica^ has 
been characterized as a small, high-copy-numbcr 
piasmid with the ability to replicate in a broad range 
of Gram-ncgativc bacteria including Acetobactet, 
AicaligeneSy Bartonella) Bordetella> Burkh older ia^ Caulo- 
bacter> Escherichia, Paracoccus, Pseudomonas, 
Rhizobium y Rhodobacter^ Salmonella , Vibrio and 
Xanzhomonas (Antonie & Locht, 1992; Either et aL> 
199.5 ; Kovach et al., 1995', DcShazcr & Woods, 1996). It 
has been shown not co belong to the IncP, IncQ or IncW 
groups of broad-host-range plasmids (Antonie & Locht, 
1992), JJ>NA sequence analysis showed ir to be a 2.6 kbp 
plasmid with two major ORFs, rep and Mob> encoding 
proteins responsible for plasmid replication and 
mobilization, respectively. 

In this paper, we report the development of a genetic 
manipulation system for F. heparinum. A conjugative/ 
integrative plasmid with a F. heparinum functional 
selective marker for the transfer of heterologous DNA 
into f- heparinum has been constructed. It was demon- 
strated that this plasmid integrates into the F. heparinum 
chromosome. In addition, a derivative of the broad- 
host-range plasmid pBBRlCm with a F. heparinum 
functional selective marker has been shown to replicate 
in F. heparinum. 

METHODS 

Bacterial strains, plasmid? and growth conditions. Bacterial 
strains and plasm ids used in this Study are listed in Tabic 1. E. 
colt strains were grown i n Luria broth (LB) at 37 °C, unless 
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Stated Otherwise. Minimal medium (FM) supplemented with 
either 1 % semtpurified heparin (Cclsus Laboratories) (FMH 
medium) or 0-4% glucose {f\MG medium) was used for the 
growth of F. heparinum as described by Zimmcrmann et ai 
(1990). F, heparinum cultures ot plates were incubated at 
23 °C, unless stated otherwise. To select for F. heparinum 
rransconjugant or transforms nt strains, antibiotics were 
added at the following concentration 5 (ixg ml" 1 ); tetracycline 
(Tc), 50 j chloramphenicol (Cm), 100; trimethoprim (Tp), 600 
and eryrhromycin (Em), 300. For the counter-selection, 
gentamicin (Gni), 60 and kanamycin (Km), 100 were used. E. 
coli transforma nt$ were selected by addition of ampicillin 
(Ap), Tc, Cm and Tp at concentrations of 100, 20, 25 and 10 
wg ml \ respectively. 

Analysis of F. heparinum for antibiotic resistance. F. 

heparinum cells were plated on cither FMH or FMG 
containing various concentrations of the antibiotics tested. 
The plates were incubated at either 30 or 23 °C> for 5 or ? d, 
respectively. 

Conjugation. £. coli strain S17-1 was used for plasmid 
conjugative transfer. Donor E. coli strains containing the 
plasm ids were grown to mid-exponential phase in LB medium. 
Recipient F. heparinum was grown in FMH medium for 2 cU 
diluted fivefold in the same medium and grown for an 
additional $ h. AliquOts of 0*1 ml donnr and 10 ml recipient 
cells were mixed, concentrated and plated on a 2*5 cm 
diameter (0-45 nM pore size) HA filter {Millipore; catalogue 
no. HAWG 02500) which was placed on FMH/LB plates. 
After incubation overnight at 30 °C, the cells were harvested 
from the filters in 1 ml FM medium and plated on selective 
MHGKT (MH medium containing Cm, Km and Tp) plates. 
After 7 d incubation at 23 °C, antibiotic- resistant colonies 
appeared and were confirmed by streaking for single colonies 
on similar plates. 

Molecular biology techniques. Isolation of chromosomal 
DNA, cloning and DNA manipulation techniques were 
performed as described by Sambrook ct at. (1989). T4 DNA 
h'gnsc, DNA polymerase I Klenow fragment And restriction 
endonu clcases were purchased from New England Biolabs. 
DNA fragments destined for ligation were first separated by 
agarose gel electrophoresis and the DNA was extracted from 
the agarose with a GeneClean I kit (Bio.lOl), 

Efectroporation, DNA was introduced into E. coli by electro- 
poration using a Gene Pulscr electroporator (Bio-Rad) as 
described by the manufacturer, DNA from £. coli trans- 
formants was isolated for restriction analysis using the RFM 
kit (Biol 01)- Elcctrocompetent J?, heparinum cells were 
prepared by growing them to exponential phase in FMH 
medium. The Cells were harvested, washed once with ice-cold 
water, twice with ice-coJd 10% (v/v) glycerol and concen- 
trated 20-fold in 10% (v/y) glycerol solution. The cells were 
aliquoted and either used immediately or stored at — 70 °C. 
Plasmid DNA (1 ng) was added to 50 jil Cells in a 2 mm- 
electrode-gapped cuvette (Bio-Rad) and suhjected to a 2-5 kV 
electrical pulse with A capacitance of 25 ^lF and an external 
resistance of 400 n. Elccuoporated cells were immediately 
diluted into 1 ml LB medium with 1 % heparin and incubated 
for 5 h at 23 "C The cells were rhcti harvested and plated on 
MHGKT plates. Antibiotic-resistant colonies normally ap- 
peared within 7 d and were confirmed by streaking for single 
colonies on MHGKT plates. 

DNA hybridization. DNA was prepared for Southern blotting 
(Southern, 1975) by digestion with appropriate restriction 
cndonuclcascs, separated by electrophoresis on a 0-$% 
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Table 1. Bacterial strains and plasmids used in this study 



Strain or plasmid 


Genotype »nd relevant chaiMCtctistic* 


Source or reference 


Strain;; 






£. coli 






517-1 


hsdRU (r" rr£) r*cA RP4.2(Tc r : : Mu-Kl7i r : :Tn7 Sir 7 ) 


Simon et al (1933) 


XL-1 Blue 




Bullock et al, (1987) 








ATCC 13125 


Wild-type 


ATCC 


FIBX1 


pIBXPl integrated into F, heparinum chromosome 


This study 


FIBX2 


F. heparinum pIBXF2 plasmid transconj ugant 


This study 








R751 


IncP, Tp* 


VLever &" Shaniro (19801 




Inc O Cm 1 * TV' 


Priefri- et al (198*^ 

1^ LlLLLl Clr hit. ^ X /O^ y 


f>BBR I Cm 


Broad'host-rangt plasmid from i?> hruTJC^hiscpttatf 


Antonie &: Locht (1992) 








pNJK12 




Maiev t'( al> (1992) 


pCPU 


£. coli—C. johnsonae shuttle plasmid, Ap r * Em't 


McBridc c< Kcmpf (1996) 


pTZ/PC 


PCR DNA fragment cloning vector, Ap 1 ' 


Su ef (1996) 


puai 


Apr 


Vieira 6c Messing {1991) 


pUC13-or;T 


Ap r , onT 


Wang*? al, [\995) 


pIB17 


2-2 kb BamHl-HindM btrpA DNA fragment in 


This study 




pUC21, Ap r 




pIBIS 


330 bp hep A upstream sequence in pTZ/PC, Ap r 


This study 


pIB19 


200 bp dhfrll gene in pTZ/PC> Ap r 


This study 


plB20 


HT cassette in pTZ/PC, Ap r 


This study 


pIB2l 


HT cassette in pUCl3-o«T, Ap r 


This itudy 


P IB22 


HT cassette in pUC21> Ap r 


This study 


plBXFl 


A 10 kbp Hj«dIII DNA fragment m pIB2l, Ap** Tp 1 ** 


This study 


pIBXF2 


pBBRlCm derivative with mob, Ap'"* Tp*£ 


This sr.udy 


pSUPlOSHT 


HT cassette in pSUP106, Cm 1 * Tp r f 


This srudy 


P NJR12HT 


HT cassette in pNJRl2, Kru r * Tc r | Tp r * 


This study 


pCPUHT 


HT Cassette in pCpll, Ap r * Em r t Tp r £ 


This study 



* Expressed in E. ccii. 

f Expressed in Bticteroides spp. and C. johnsonae. 
£ Expressed jn F, heparinum. 



agarose gcJ and transferred to a nylon membrane (Hybond-N; 
Amersham). The probes were labelled with (a-^PJdCTP, 
using the Red i prime II kk (Amersham Pharmacia Biotech), 
Hybridization was performed with Rapid-hyb buffer 
(Amersham Pharmacia Biotech) as described by the manu- 
facturer. 

DNA *mplrfkatioru Oligonucleotide primer synthesis, prep- 
aration of F. heparinum genomic DNA or plasmid DNA for 
use as template and analysis of PCR-gcncratcd products were 
all conducted as previously described (Su et at.) 1996), PCR 
amplification was performed according to Mull is et aL (1986) 
with the modifications described previously (Su et al. f 1996). 
The annealmg temperature was 55 °C- 

DNA sequence analysis, DNA sequences were determined by 
the didcoxy chain termination method of Sanger et (1977), 
using nn ALP automated DNA sequencer (Amer&ham 
Pharmacia Biotech). Sequencing reactions were prepared with 
the Pharmacia Auto Read fluorescent labelling kit (Amcrpham 
Pharmacia Riorech). The DNA sequence of the hep A upstream 
region in plasmid p IB 17, constructed by cloning a gel -purified 
2 2 kbp BamHI—Hindlll DNA fragment containing the hf.pA 



gene from plasmid pIElO into pUC21 was determined by the 
primer-walJcing method. 

Insertion of the Tp-reiistance gene cassette (HT) into various 
plasmids. Plasmids pSUPlOtfHT and pNJR12HT were con- 
structed by inserting a gel-punfled 11 kbp Btrm¥{\-Hm<6\\l 
DNA fragment from p!B2l into the corresponding sites of 
pSUPlCtf and pNJKlI, respectively. pCPHHT was con- 
structed by cloning a gel-purified l'l lebp SpeJ DNA fragment 
from pIB22 (formed by cloning a gel-purified 1-1 kbp EcoRI 
DNA fragment from pIB21 into pUC2f ) into the unique Xbal 
site of pCPM. 

Plasmid plBXFl construction. Primers OH1-1 (5'-GGGAAT- 
TCTTTCG CCG GTG AA AGG ATTG-3') and OH 1-2 (5'- 
GGCATATGTCTTTAGTTTTTATTGG-3') were used to 
amplify an 830 bp PCR fragment, corresponding to the 
upstream region of hepA t from plasmid pIB.llK Primers 
RT-1 (5'-GGCATATGGACCAACACAACAATGGA-3 f }and 
RT-2 (5 / -TTGAATTCTTAGGCCACGCCTTCAAGCG-3') 
generated a 250 bp PCR fragment corresponding to dhfrll 
from plasm id R75L The 830 and 250 bp fragments werr 
cloned into plasmid pTZ/PC to create plasty ids pJB18 and 
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Fig. 1. pJBXFi construction, Solid black lines indicate coding regions; arrows, orientation o-f the genes; thin lines, plasmid 
sequence (pTZ/PC or pUC13-or/F); speckled line, F. hepan'rtum chromosomal DNA. Two primers, M1 and M2, used in Fig. 3 
are a! so shown as small arrows. 



plh\9, respectively (as shown in Fig. 1). Both inserts were 
confirmed by DNA sequence analysis. A gel-purified ISO bp 
~Nde\-Hind\\l DNA fragment from plB19 was inserted into 
the corresponding sites of pl&18> ro yield plasmid pIB20. ?IB21 
was constructed by inserting a gel -purified 11 kbp BtfmHI- 
H/KdlTT ON A fragment from pIB20 into pUC13-of/T. Fmally, 
2 randomly chosen 10 kbp DNA fragment from Wr'wdlH- 
digested F. heparinum chromosomal DNA was cloned into rhe 
unique HindUl site of plasmid pIB20 to yield pksmid plBXFl . 



Plasmid plBXF2 construction. Primers OIB20-1 (T-GGCT- 
GGAGTAAACTTCCTCT GAC A-T) and 01*20-3 (5'-CC- 
CTCG AGCGC ATA ACA ATTTCACAC-3 ') » were used to 
amplify a 3 0 kbp PCR fmgn^cnt from pIB21 containing mob, 
Ap r and the HT cassetre. This 3-0 kbp gel-purified PGR 
product and the 4 0 kbp &*oRI-linearizcd pBBRlCm vector 
were both created with DNA polymerase I KlcrtOw fragment 
to create blunt ends and ligated. The mixture was transformed 
into E. colt XL-L Blue and selected for Ap r colonies. From 
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Fig. 2. Map Of plBXF2. DNA to the right and left Of the Xho\ 
s'rte is from pBBKICm and plB21, respectively. Thick lines 
represent the indicated coding regions. Arrows indicate the 
orientation of th* genes. 



these, pIBXF2 was purified and confirmed by restriction 
analysis (Fig. 2). 

Purification of plBXF2 from F. heparinum. For small-scale 
plasmid purification, strain FIBX2 was grown in 5 ml 
MHGKT medium for 2 d and DNA was isolated using the 
RPM kit (BiolOl). Alternatively, strain FIBX2 was grown in 
30 ml MHGKT medium overnight, subcultured into 500 ml of 
the same medium and grown for an additional 24 h. Plasmid 
DNA was isolarcd with a Qiagen-tip 500, according to the 
manufacturer's recommcnd^ctotis for low-copy number- 
p!a?mid punriciuioil. The DNA was resuspended in 150 jil 
dH 2 0. Fifteen microti trcs of the Sample were used for the 
experiment shown in Fig. 4. 

RESULTS 

Identification of antibiotics for selection and counter 
selection in F. heparinum 

The antibiotic-resistance spectrum of F. heparinum has 
been briefly described by Stcyn et ai {1998). However, 
these data were insufficient for the identification of 
selective (sensitive) or counter-selective (resistant) anti- 
biotic markers. Experiments were designed and con- 
ducted to determine which antibiotics could be used for 
the genetic manipulation of F, heparinum. Antibiotic 
resistance was defined as no decrease in the number of 
colonies growing on medium in the presence or absence 
of antibiotics at a given concentration, attcr incubation 
at 23 °C for 7 d or 30 C C for 5 d. A selective marker was 
defined as one which restricted growth to none or very 
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few colonics after plating in excess of 10 10 heparmum 
cells on antibiotic-containing medium after incubation 
at 23 U C for 7 d or 30 °C for 5 d. The results showed that 
F. heparinum was resistant to Cm and Km at 60 and 
100 Lvg ml -1 , respectively, and sensitive to Cm, Em, Tc 
and Tp at 100, 300, .50 and 600 jig ml" 1 , respectively. 

Construction of a conjugation/integration plasmid 
for F. heparinum 

To date, no publication has described any DNA transfer 
into F. heparinum. Our previous attempts to transfer 
broad-host-rartgc plasmids and transposons into this 
micro-organism failed (data not shown). Therefore, a 
new system was developed based on the essential 
elements of DNA transfer, maintenance and selection. 
An £. colt con juga five plasmid and a randomly cloned 
DNA fragment from the F. heparinum chromosome 
would allow for both DNA transfer and stable DNA 
maintenance through homologous recombination. 
Obtaining a functional selective marker in P. heparinum 
was the main hurdle in the creation of this system. 

Thus far, no selective marker has been demonstrated to 
be functional in F. heparinum. To ensure that a selective 
marker, e.g. an antibiotic-resistance gene, would be 
expressed in F. heparinum, a hybrid gene needed to be 
assembled which would consist of the desired antibiotic- 
resistance gene placed under the control of a F. 
heparinum regulatory region, few genes from F. 
heparinum have been studied at the molecular level. 
DNA sequences are available only for the five glyco- 
saminoglycan lyase genes hep A, fi, C and cslA, B 
(Sasisekharan et al y 1993; Su et al. t 1996; Tkalcc et a!., 
2000). Among them, it appeared that hep A was 
expressed at the highest level when grown in heparin - 
only medium (Lohse &c Unhardt, 1992). Therefore, the 
hep A regulatory region was chosen to construct a hybrid 
antibiotic-resistance gene, which would allow for selec- 
tion on heparin-only medium. A small region of 170 bp, 
5' of the hep A start codon (upstream region), had been 
previously identified (Sasisekharan ?t ai 7 1993). Within 
Lhis sequence, no typical prokaryotic prornotcr elements 
were found. It was probable that this 170 bp hep A 
upstream region did not contain all the necessary 
elements that controlled hep A gene expression. Further 
sequence analysis of an S30 bp hep A upstream region in 
plasmid pIB17 was performed (GenBank accession no. 
AF221716), Although it did not reveal typical promoter 
elements, a partial putative ORF was identified, which 
translated in a direction opposite to, and 325 bp away 
from, the start codon of hep A. This suggested that the 
promoter region for hep A was probably located within 
this 325 bp region. To ensure that all the regulatory 
elements were included, the 830 bp hepA upstream 
region was used to create a hyhrij antibiotic-resistance 
gene cassette. 

The Tp-resistance gene, dhfrU, from plasmid R751 
(Meyer Sc Shapiro, 19S0), was chosen for the hybrid 
antibiotic-resistance cassette construction. This gene 
has been shown to confer very high levels of Tp 
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(a) (b) 

Ml 23456789 M 1 2 3 4 5 6789 




Fig. 3. Demonstration of pIBXFl insertion into F. heparinum 
chromosomal DNA. (a) Ethidium bromide stained agarose gel. 
(b) Auto radiograph of the gel from (a) probed with plB2T. 
Lanes: M, DNA molecular mass markers (in kb) are indicated on 
the left; 1, F. heparinum chromosomal DNA digested with 
H/ndltl/fcoRI. 2, FIBX1 chromosomal DNA digested with 
W/ndlll/fcoRI; 3, plB21 digeitfcd with EcoRl; A, DNA shown in 
lane 7 digested with fcoftl; 5, DNA shown In lane 8 digested 
with FcoRI; 6, DNA shown in lane 9 digested with EcoRI; 7, PCR 
product generated with primers M1 and M2 (see Fig. 1) from F. 
heparinum chromosomal DNA; 8, 1 jwg PCR product generated 
With primers M1 and M2 from FIBX1; 9, 1 jig PCR product 
generated with primers M1 and M2 from pIBXFl. 



resistance in £. coli. In addition, the gene was very small, 
only 250 bp, increasing the likelihood that it would be 
expressed and confer appreciable levels of antibiotic 
resistance in F. heparinum. The Tp-re$i$tance (HT) 
cassette was constructed by fusing two PCR-generated 
DNA fragments consisting of the 830 bp hep A upstream 
region and a 250 bp dhfrll gene. Plasmid pIB20, con- 
taining the HT cassette, was introduced into £. colt but 
failed to confer Tp resistance, even when heparin was 
added to the growth medium. These data suggested that 
the hepA promoter was not functional in E. coli. 

The final conjugative/integrative plasmid was con- 
structed as shown in Fig. 1. The HT cassette and a 
randomly cloned 10 kbp F. heparinum chromosome) 
Hr«dIII DNA fragment were added to pUC13-or*'T. The 
features of the resulting plasmid, pIBXFl, include 
mobility conferred by pUC13-onT> chromosomaJ in- 
tegration through homologous recombination facili- 
tated by the 10 kbp F. heparinum chromosomal DNA 
fragment, and selection conveyed by the HT cassette. 

Introduction of pIBXM into f. heparinum 

pIBXFl was transferred into F. heparinum by con- 
jugation as described in Methods. After more than 7 d 
incubation^ colonies were isolated which displayed Km'\ 
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Gm r and Tp 1 ', as well as the ability to grow on FMH 
medium. One such strain was named FIBXl. The 
frequency of stable Tp r transconjugants per recipient 
cell was approximately 10 _1U , 

To confirm that strain FIBX1 was a derivative of F, 
heparinum, it was purified to a single colony three times 
and further characterised by biochemical analysis. It 
was shown that FTBXl could grow in FMH medium, 
was a Gram-negative bacterium, produced yellow pig- 
ment when grown on solid agar medium and had 
heparin and heparan sulfate degrading activity profiles 
similar to wild-type t\ heparinum (data not shown). 
Together, these results confirmed that FIBX1 was a 
derivative of the wild-type F. heparinum strain. 

It was possible that the Tp f phenotype of FIBXl was the 
result of a mutation, and/or selection of F. heparinum 
cells exhibiting a low level of Tp r . To exclude this 
possibility and to confirm chromosomal plasmid in- 
tegration, Southern analysis was performed. As shown 
in Fig. 3, Hi«dIIl/£coRI digests of genomic DNA 
isolated from strain FIBXl and plasmid pIBXFl both 
hybridized to plasmid pIB2L Hybridization signals of 
3*0 kbp and IT kbp, corresponding to the vector pUC13- 
oriT and the HT cassette, respectively^ were observed 
(Fig. 3bj lanes 2 and 3). No such signals were seen for 
genomic DNA isolated from wiid-type F. heparinum 
(Fig. 3b, lane 1). These data clearly demonstrated the 
integration of plasmid pIBXFl into the chromosome of 
strain FIBX1. More importantly, the successful recovery 
of Tp r transconjugants indicated that the HT gene 
cassetce could be used as a selective marker in F, 
heparinum. 

The insertion site of plasmid pIBXFl in the 10 kbp 
HmdIIl DNA fragment on the genome was confirmed by 
PCR and Southern analysis. If plasmid pIBXFl inserted 
within the 10 kbp Hwdlll region, then the vector pIB21 
should be flanked by the 10 kbp Hmd III DNA fragments 
at both ends and in the same orientation. A pair of 
primers complementary to the ends of the randomly 
cloned JO kbp HfVfdIII insert from plasmid pIBXFl (Fig, 
1) should amplify the 4*1 kbp pTB2l vector from FIBXl 
chromosomal DNA. As expected, DNA fragments 
corresponding to the size of pIB2l were generated from 
FIBXl chromosomal DNA and plasmid pIBXFl (Fig, 
3a, lanes 8 and 9, respectively), but not from wild-type F, 
heparinum chromosomal DNA (Fig. 3a, lane 7). When 
these PCR products were digested with £coRI, all kbp 
band corresponding to the HT cassette and a 3*0 kbp 
band corresponding to plasmid pUC13-r.>rfT were 
obtained (Fig. 3a, lanes $ and 6), both of which 
hybridised to plasmid pIB21 (Fig. 3b, lanes 5 and 6*). To 
exclude the possibility that plasmid pIBXFl integrated 
in another region of the F, heparinum chromosome 
sharing homology with the 10 kbp Hmd III DNA frag- 
ment, FIBXl genomic DNA digested with Hmd\\\ was 
hybridized with that fragment but no additional signals 
were observed (data not shown). These results clearly 
demonstrate that FIBXl carries an insertion of plasmid 
pIBXFl within the 10 kbp HindlU DNA fragment of the 
F. heparinum chromosome. 



Received from < 7039200436 > at 1013/03 10:09:40 PM [Eastern Daylight Time] 



FROM : Maebius 



PHONE NO. : 7039200436 



Oct. 03 2003 11 : 15PM P 



ON A transfer into F . heparinum 



Plasmid replication in F. heparinum 

Two broad-host-range plasmids, pSUPlOo* (Frey & 
Bagdasarian, 1989), belonging to IncQ and pNJR12, an 
RSF1G10 derivative containing a Bacteroides plasmid 
pB8-5J replicon (Malcy et a/,, 1992), and an £. coli-Q. 
fohnsonae shuttle plasmid, pCTll (McBnde Sc Kempf, 
1996), were introduced into F. heparinum by con- 
jugation but failed to yield selectable transconjugants 
(data not shown). We have demonstrated that the HT 
cassette is a functional selective marker and that plasmid 
DNA can be introduced by conjugation in R heparmum. 
Therefore, it now became possible co define the 
replicative function of these plasmids in F. heparmum. 
Derivatives of pSUP106, pNjRl2 and pCPll were 
constructed by addition of an HT cassette and intro- 
duced into F. heparinum by conjugation. No stable Tp r 
colonies were obtained. These plasmids lacked the 
ability to replicate in H. heparinum. An alternative 
broad-host-range plasmid, pBBRlCm, was used to 
transform F. heparinum by elcctroporation but no Cm r 
colonies were obtained {data not shown). To confer 
conjugative and selective functions to pBBRlCm, the 
mob 7 Ap r and HT clement?; were incorporated to form 
plasmid pIBXF2 as shown in Fig. 2. The plasmid was 
transferred into F. heparinum by conjugation. Several 
Tp r colonies were obtained, which displayed charac- 
teristics similar to F. heparinum. The conjugation rate 
was similar to that obtained with the integrative plasmid 
pIBXFl. One of the new isolates was designated strain 
FIBX2. 

Demonstration of the existence of plasmid DNA in 
FIBX2 was necessary to verify that the Tp r phenotype 
was a result of episomal replication of pIBXF2 in P. 
heparinum. Plasmid DNA was isolated using the RPM 
method (sec Methods), from a culture of FIBX2 grown 
in FMH medium, and analysed by electrophoresis. No 
plasmid DNA was visualized after ethidium bromide 
staining. Similar results were obtained when a highly 
concentrated plasmid preparation was subjected to 
restriction analysis (data nor shown). However, when 
this DNA solution was eleetroporated into £, colt, Ap r 
colonics were obtained. The digestion pattern of the 
plasmid DNA purified from these Ap r colonies was 
identical to thac of pLBXF2 {data not shown). These 
results confirmed the existence of plasmid pTBXP2 in 
strain F1BX2. The inability to visualize plasmid DNA 
from FIBX2 may be due to its existence a$ a low-copy- 
number plasmid in F. heparinum. Plasmid DNA from a 
F1BX2 culture was purified using Qiagen's low-copy- 
number plasmid purification method and analysed by 
electrophoresis (Fig. 4a, lane .3). No plasmid DNA band 
corresponding to pIBXF2 (Fig. 4a, lane 2) was seen. 
However, when the same DNA preparation was digested 
with EcoKl or Xhvl (Fig. 4a, lanes 6 and y, respectively), 
the restriction patterns were identical to that of plBXI ; 2 
treated similarly (Fig. 4a, lanes 5 and 8). Hybridization 
of the restriction fragment with pIBXF2 identified them 
as the elements of the plasmid (Fig. 4b, lanes 5, 6, 8 and 
9). The analysis also revealed the presence of a 
hybridation signal in the undigested pIBXFl DNA 



(a) <b> 

123456789M 123456789M 




Fig. 4. Confirmation of the presence of plBXF2 in strain F1BX2. 
(a) Ethidium bromide stained agarose gel <b) Auto radiograph 
of Southern analysis of gel from (a) probed wrfch plasmid 
plBXF2. Lanes M, molecular mass markers - indicated in the 
middle (in kb); lanes 1, 4 and 7, 2 ug F. heparinum chromosomal 
DNA; lanes 2, 5 and 8, 1 UQ plBXF2 DNA from E. co//; lanes 3, 6 
and 3. 15fil DNA purified from strain FIBX2. Lanes T-3. 
untreated DNA; lanes 4-6. fcoRI-digested DNA, lanes 7-9. Xho\- 
digested DNA. 



preparation from FIBX2 (Fig. 4b, lane 3), that appeared 
to co-migrate with chromosomal DNA. The 
hybridization signals corresponding to the 2 kbp mol- 
ecular macs marker (Fig. 4b } lanes 2, 5 and 8), which was 
not seen in the ethidium bromide stained gel, were 
probably due to partial plasmid degradation occurring 
during purification. E. coli transformed with pTBXF2 
DNA ycildcd Ap r colonies and identical plasmid di- 
gestion patterns, as described previously (data nor 
shown). The data from this study clearly show that 
pBBRl-based pUsmids can replicate in F. heparinum, 

Plasmid pIBXF2 is stably maintained in strain FIBX2. 
This was demonstrated by growing strain FIBX2 in the 
presence or absence of Tp and examining the Tp T 
phenotype. Three hundred colonies from each group 
were tested and all of them showed resistance to Tp. 
Twelve colonies from the group growing in FH without 
Tp were cultured for isolation of plasmid DNA and £, 
coli transformation. All produced E. coli Ap T colonics. 
In addition, 12 colonies from four of these 12 DNA 
preparations (three colonies each from four trans- 
formations) were grown and the plasmid DNA was 
isolated. Restriction analysis indicated that the plasmid 
DNA from these 12 isolates was identical to that of 
pIBXF2 (data not shown). These results, along with 
those described previously indicated chat pJBXF2 could 
replicate in F. heparinum without selective pressure and 
be stably maintained, 

Electroporatton of p!BXF2 

A method to introduce plasmid DNA into F. heparinum 
by elcctroporation was also developed- Typically, 20—50 
K heparinum Tp ' colonies could be obtained on selective 
plates within 7 d. As was the case with the trans- 
conjugants, undigested plasmid DNA isolated from 
these rransforrnants could not be visualized by ethidium 
bromide Staining of an agarose gel, but could be used to 
obtain Ap r E. coli cransformants. 
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DISCUSSION 

Wc report here the creation of plasmid pIBXFl, a 
mobile plasmid with a randomly cloned 10 kbp F. 
heparinum DNA fragment and a selective marker 
consisting of the dhfrll (Tp 1 ) gene under the control or 
the hep A regulatory region. The plasmid was introduced 
into F. heparinum by conjugation, maintained through 
homologous recombination and transconjugants selec- 
ted by acquisition of Tp resistance. Integration of 
plasmid DNA was confirmed at the molecular level. In 
addition, plasmid pIBXH2, a derivative of the bmad- 
host-range plasmid pBBRl, has been shown to replicate 
in F. heparinum. This is the first report describing a 
genetic system for the introduction of heterologous 
DNA into this bacterium. 

In our system, the rare of transconjugarus produced with 
pIBXFl was 10" 10 per recipient. This low rate may be 
the result of a combination of factors including 
conjugation, homologous recombination and factors 
affecting conj Ligation efficiency. Surpn Singly, a similar 
rate of transconjugant recovery was seen for pIRXF2 > a 
derivative of the broad-host-range plasmid pBBRl, even 
though homologous recombination was no longer a 
required event. The possibility that a mutation in 
pFIBX2, either in the plasmid or in the hosr chromo- 
some, that allowed maintenance of the plasmid in F. 
heparinum, was selected for during the conjugative 
process was considered. However, when pIBXb*2 iso- 
lated from E. coli was reintroduced into V, heparinum or 
when pIBXF2 was introduced into the HBX2 strain that 
had been cured of its plasmid, no increase in conjugation 
frequency was seen in either case (data not shown). The 
low efficiency of plBXF2 conjugation in F. heparinum 
remains unexplained. 

plBXF2 replicated in f\ heparinum irregularly. The 
plasmid copy number was significantly lower compared 
to pBBRlCm as a high-copy- number plasmid in K- coli 
(AiuonicScLocht, 1992), and 10 copies per cell described 
for Brucella species (Elizer et al 7 1995). In addition, the 
plasmid was somehow altered in strain FIBX2, as shown 
by it co-migrating with chromosomal F. heparinum 
DNA, while it retained a similar restriction pattern. 
Furthermore, its irregular plasmid form was also con* 
firmed when examining plasm ids recovered from £. coli 
after successive F. heparinum passages. Several large- 
siic plasmid* were observed (data not shown). Never- 
theless, this study clearly demonstrates that pIBXF2 can 
.replicate in F. heparinum. In a subsequent study, this 
plasmid system was used for high-level expression of 
both cslA and cstB in F. heparinum (p. Blain & others, 
unpublished results). 

Plasmid pSUP106, a derivative of the broad-host-range 
IncQ plasmid RSF1010, was unable to replicate in F. 
heparinum. The pSUP106 derivative containing a / ; . 
heparinum functional selective marker, the HT cassette, 
also failed to generate F, heparinum transconjugants. 
This, along with other reported cases [Bacteriodes 
strains (Shoemaker et al 7 1.986), C johntonae {McBridc 
& Kempf, 1996), For. zin Z ivalis (Maiey et <?/., 1992! and 



Pre. ritminicola (Shoemaker et at, y 199 1 )J demonstrated 
the inability of plasmid RSFI010 and its derivatives to 
replicate in some Gram-negative bacteria. One possible 
explanation is that one or all of the repABC genes 
(Schcrzinger et 1984), involved in plasmid rep- 
lication, arc not functionally expressed in these 
organisms. 
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